abstraCt: Lake disappearance as a natural stage of evolution of lakes is an extremely important issue in the landscape and ecosystem research context. Studies of the changes that occur in the lake landscape, characteristic in the northern part of Poland, are aimed at defining the cause and forecasting the results. The possibilities of the Geographic Information Systems (GIS) were used in this paper to analyse and visualise the process of lake disappearance in the Iława Lakeland Landscape Park. GIS technologies which primarily are used for gathering, storing, processing and presenting spatial data have been used to interpret changes in lakes coverage over a period of 100 years. The analysis were based on data bases and cartographic former maps such as hydrographic maps, attribute data and bathymetric plans. The data was gathered by transfer from different geoportals, next vectorised, and then preprocessed. Former maps were rectified. The lake disappearance process was presented in several forms: lake cards, animations and interactive map. Basing on the GIS analysis about lake disappearance in Iława Lakeland Landscape Park it was possible to state that lakes are disappearing in rate of 3.99 ha a -1 .
Introduction
Lake evolution process in Poland is a topic often undertaken in various studies which indicates the importance of this issue (KleczewskaWitt 1983 , Kowalczyk 1993 , Choiński 1996 , 2002 , 2006 , Choiński, Ptak 2008 , Jańczak 1997 , Nowacka, Ptak 2007 , Ptak 2010 , 2013a , b, Grandke 2009 , Urbański, Kryla-Staszewska 2009 , Piasecki 2013 , Krąż, Piasecki 2015 . What the aforementioned studies have in common, is the conclusion that the process accelerates and the total disappearance of many lakes in the next few decades is possible. These tendencies are most clearly visible in the lakes within the lower-glacial area of the Polish Lowlands (Kalinowska 1961) . In a temperate humid climate, distinctive for Poland, the lake disappearance process gradually leads to the formation of swamps and peat bogs. The literature distinguishes two main factors related to lake evolution that occur either simultaneously or separately (Choiński 1988 , Jańczak 1997 : -variability of the lake water level, related to climate change and anthropogenic and natural changes in the catchment areas (such as deforestation, land improvement, migration, urbanization), -accretion of the bottom sediments in lakes, occurring through the growth of the biogenic mass, precipitation of chemical compounds, sedimentation of mineral matter and deposition of aeolian particles.
The rate of overgrowing processes related to lake evolution varies according to morphometry of lakes, land use and land cover types in the catchment and also climatic and hydrological conditions (Ptak 2013a) . Human activity such as land improvement and regulations in river and lake systems has also significant impact. However, regardless of the reasons for the disappearance of lakes, it can be regarded as an inevitable process that will lead to a total disappearance of most lakes in Poland in the next two thousand years (Choiński 1995) .
Due to the constant increase of the rate of lake disappearance and the general acceleration of changes occurring in the environment, caused by human activity and climate change, there is a need for more effective gathering and analysis of spatial big data. The paper pays attention to geoinformation methods of data acquisition, storage and processing, as well as advanced spatial data visualisation techniques that enables the presentation of spatial and nonspatial data for lake disappearance in postglacial area of Polish Lowland. The aim of the study is to assess qualitatively and quantitatively the lake disappearance process in the Iława Lakeland Landscape Park. The geographic information systems (GIS) were used to determine the tendencies and rate of lake changes and to visualise these changes.
Study area
The analysis of lake disappearance and spatial data presentation were carried for lakes located in the Iława Lakeland Landscape Park and the buffer zone of the park (Fig. 1) . The total area of the analysed region is 38 923.6 ha. Iława Lakeland Landscape Park is located in the South Baltic Lakeland in the north-east Poland.
There are 43 lakes in the Park and its buffer zone and the lake density is about 14.5%. The biggest lake in this region is Lake Jeziorak, which is the sixth largest (area 3 460 ha) and the first longest (27.5 km) lake in Poland. There are eight lakes in the Iława Lakeland Landscape Park with the area exceeding 100 ha. All of the analysed lakes are trough lakes (e.g. Jeziorak, Bądzkie), moraine lakes (e.g. Ewingi, Gaudy) and kettle-hole lakes (e.g. Łabędzie, Parkun). Their age is geologically short and their disappearance is a natural stage of evolution (Choiński 1988) . The lakes of Iława Lakeland Landscape Park were formed during the last Vistulian (Weichselian) glaciation so the youngest lakes are about 15 000 years old (Dobies, Planter 1998) . In addition, many lakes of the Iława Lakeland Landscape Park are flowthrough lakes (e.g. Łabędzie, Osa, Siemiańskie), which additionally affects the rate of lake shape changes and their shallowing.
Data sources and research methods
In order to analyse the rate of lake disappearance in the Park, a number of methods were used in the subsequent stages (Fig. 2) . The key stage in the analysis of lake disappearance was to prepare a set of spatial data that would best reflect the changes taking place in the lakes, assuming the cartographic comparability of source materials. There are significant differences between all used maps, resulting from the mapping and publication period and also different methods of data processing. Therefore, it was necessary to preprocess the input data (especially former German maps) before the main analysis. All inaccuracies resulting from scanning former analog maps were eliminated, all maps were rectified, vectored, verified and then integrated into the database. All stages of the work are presented on the workflow chart (Fig. 2) .
The next stage of the lake disappearance analysis were calculations carried out on the integrated dataset that included identification of differences between each periods and statistical data analysis to define the tendency and rate of lake disappearance process.
The last stage of the analysis was visualisation of spatial data. It is essential for determining characteristics of changes of inside the lake systems. The results of conducted research was visualised through cards of lakes prepared for all lakes with area greater than 15 ha. The exemplary card, prepared for Ewingi Lake is presented on Fig. 3 . The card constitute a comprehensive summary of information about lake that includes information about the area, length of shoreline, average and maximum depth and degree of changes in period of over 120 years. Moreover, digital and interactive methods of spatial data presentation were used, such as animations published in GIF format and an interactive map prepared and published via the Internet on the ArcGIS Online. All visualisation methods, as a result of analysis, present the lake disappearance process in a comprehensive way.
Results
Geoinformation analysis and geocomputation, carried out within this research, allowed to characterise the lake disappearance process in the Iława Lakeland Landscape Park. The comparison of total area of the Iława Lakeland Landscape Park with total area of the lakes enabled to determine the changes in the lake area. To describe the changes in the lakes area, data from five time spans for each lake are presented in Table 1 .
Compared data, gathered in Table 1 was the basis for calculation of another parameter, used to describe the general tendencies of the lake disappearance process. The information about total area of lakes and lake density of each period were presented in Table 2 .
According to this data, it might be assumed that between 1893 to 2014 the general tendency points to decrease of total area of lakes in the Iława Lakeland Landscape Park by 482.91 ha which is 8% of total lake area. Similarly, conducted calculations enabled to determine that lake density of the Landscape Park in the first period in 1893 was 15.57% and in following 121 years decreased by 1.24% to 14.33% in 2014. The rate of the changes, calculated as the quotient Table 2 increased. Increase of the total lake area is related to appearance of three Gutlinek lakes that are periodic lakes with their disappearance between 2000 and 2014. Information about changes between each period was calculated and presented in Table 3 . All values confirm the statement above, the main tendency that lakes disappear constantly with a deviation between 1982 and 2007. The largest change in the area of lakes was calculated for 2007-2014. This is a characteristic feature for such a short period of time, i.e. 7 years. In case of longer observation periods (25 and 35 years) the rate of lake disappearance drops significantly. Hence, it is possible to recommend a longer time span to determine the rate at which lakes disappear.
An important part of the research was also to present the results of lake disappearance process with the usage of GIS tools. Modern geovisualisation methods allow to present the changes in environment that appears constantly in time but first of all enable the visualisation of the direction of changes in each lake. A set of maps for each lake that show the changes between 1928 and 2014 is presented on Fig. 4 . Thanks to these lake maps it is clearly noticeable that lake disappearance is not a regular process and the general tendency for a lake basin does not show variability across the entire shoreline. It should be emphasised that the process of lake disappearance concerns lakes of various types, with different origins and areas. The largest decrease of the lake area occurred in the group of small and very small lakes, however the lake disappearance process tendency has been consistently maintained over the last 100 years on all analysed lakes. The review of the differential maps for individual lakes does not allow a detailed qualitative characterisation of their disappearance process. This process is heterogeneous, there are no privileged places for this process, local variability of disappearance is varied and depends on many factors, such as the lithological type of the coastal zone, land cover and land use type, water pollution and human impact on the coastal zone.
Information about lake area, density and location were used to prepare an interactive online map that is an integral part of the analysis. The interface of the map is presented on Fig. 5 . The map was prepared and published on the Table 3 . Lake area and density changes for total data of the Iława Lakeland Landscape Park.
Time span 1893-1928 1928-1982 1982-2007 2007-2014 1893-2014 ArcGIS.com platform that provides an extensive set of editing and analytical tools for thematic map preparation. The platform is distributed by Environmental Systems Research Institute. The map interface includes two functions of zoom in and zoom out of the map, return to the general view of the entire lakeland, the choice of layers to the lake extent from particular years, and a window with brief information on the map. Thanks to the free choice of layers for different years, it can track different rates of disappearance of individual lakes. Clicking on the lake it can read its name, area and length of the shoreline. Publishing the map online enables the interaction with the content of the map. These interactive map functions are in accordance with the recommendations for this kind of maps given by Macioch and Malmon (2010) .
Conclusions
The lakes of Iława Lakeland Landscape Park have been disappearing constantly in the last 121 years. The area of lakes in Iława Lake District Landscape Park between 1893 to 2014 decreased by 482.9 ha, which correspond to the rate of the lake area changes equal to almost 4 ha each year. No pattern was observed in the disappearance of lakes. Each of these lakes has its own way of disappearing and at the same time overgrowing. Due to slow disappearance of lakes, new waterbodies emerged (e.g. due to the division of the Lake Januszewskie), new lake islands were created (especially on the Jeziorak lake) and the area of the current islands was enlarged (e.g. on Lake Czerwica).
The results of the work are in accordance with the results of the similar studies. The studies conducted in different regions in Poland stated the conclusion that lake area changed in 0.23% per year in Sławskie Lakeland (Grandtke 2009), 0.11% per year in Dobrzyńskie Lakeland (Piasecki 2013) and 0.18% per year in Żnin Region (Ptak 2013b) . The rate of changes also accelerates in last 30 years (Piasecki 2013) . In this research conducted for Iława Lakeland Landscape Park, changes in lake area varied between 0.037% and 0.1% per year what is convergent with other calculated values. The aforementioned papers and the results of this study allow to state that significant changes in the surface of lakes in the area of the lakeland appeared and the changes are constantly accelerating over the years.
The analysis of spatial data from over 120 years allowed to record the rate of changes in the lakes (4 ha a -1 ) and to describe a scenario that might happen in the Iława Landscape Park. Intensive tourist activity, land use and land cover transformations, as well as climatic changes have contributed to significant changes in the landscape of the Iława Lakeland Landscape Park.
